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ABSTRACT: TMIS must employ an enlightened approach t o  i t s  
"object" structure, but basic issues i n  conceptua 1 
structuring remain t o  be resolved. Sirius out- 
l ines  the necessary agenda and reports on progress 
toward so Zutions. 

INTRODUCTION 

S i r i u s  i s  a small group which has t r a d i t i o n a l l y  focused on advanced 
s o l u t i o n s  t o  troublesome issues i n  knowledge representa t ion .  I t s  p r i o r  work 
has p r i m a r i l y  been f o r  l a r g e r  f i rn is  addressing problem spaces i n  the  defense 
community. Recently, t h e  group has been working i n  areas d i r e c t l y  app l i cab le  
t o  t h e  s p e c i f i c  problems o f  object/meta-data/knowledge representa t ion  faced by 
Space S t a t i o n  planners.  A r e l a t i v e l y  mature paradigm i s  emerging which can be 
of use i n  the  p lann ing  now being done. 

THE SPACE STATION INFORMATION SYSTEM (SSIS) 

S S I S  has embraced the  ADA phi losophy, which i s  good. Study groups, 
p a r t i c u l a r l y  t he  one here a t  Clear  Lake, have developed an agenda and strawman 
models. Inso far  as we a t  S i r i u s  have seen, the  t h i n k i n g  i s  c l e a r  and has l e d  
t o  severa l  e a r l y  conc lus ions which we hope w i l l  n o t  be d i l u t e d  as a c t i v i t y  
increases and more i n t e r e s t s  become involved.  I n  p a r t i c u l a r ,  t he re  i s  a 
consensus t h a t  a Network In format ion System (NIS) e n t i t y  be created and 
d i s t r i b u t e d  i n  var ious  incarnat ions  throughout the  system t o  work w i t h  (and 
a l l o w  a h igh  l e v e l  of independence o f )  "app l i ca t i on "  systems and communication 
sys terns. 

Considerat ions o f  t h i s  N I S  a re  i n t i m a t e l y  bound w i t h  another hea l thy  

module o r  t ask  p lann ing  i s  begun, even be fore  the  development agenda i s  
formal ized,  a comprehension o f  t he  s t r u c t u r e  o f  the  representation universe 
must be set.  Th is  un iverse  must d e l i b e r a t e l y  and c i rcumspect ly  be engineered 
as a l o g i c a l  f i r s t  s tep  i n  t h e  comprehensive l i f e - c y c l e  p lann ing  o f  t he  e n t i r e  
system. 

emerging consensus: before a rch i tec tu res  a re  considered, be fore  coding, 

This  has t r u l y  never been faced square ly  before,  because p r i o r  requ i re -  
ments were narrow i n  comparison and a l lowed compromise. But SSIS-related 
issues are  too  broad, t o o  deep, indeed too  expensive and important t o  a l l ow  
l e s s  than our  bes t  e f f o r t s  i n  t h i s  mat ter .  

The problem i s :  we imned ia te ly  run  up aga ins t  t h e  same fundamental, 
unresolved ph i l osoph ica l  issues which have plagued t h e  Knowledge Representa- 
t i o n  community f o r  decades. There i s  t r a d i t i o n a l  deadlocked conten t ion  among 
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workers i n  the  f i e l d s  o f  A r t i f i c i a l  I n t e l l i g e n c e  ( A I ) ,  Programming Language 
(PL) , and Database (DB) researchers which each represent  j u s t i f i a b l e  perspec- 
t i v e s .  

The good news i s  t h a t  recent  successful  s tud ies  i n t o  the  mathematical 
foundat ions o f  a l l i e d  f i e l d s  g i ve  us a whole new wor ld  o f  t o o l s  t o  work w i t h ,  
t o o l s  which a l l o w  us t o  transcend PL/DB/AI l o c a l i z a t i o n s  and s t a r t  t o  p u t  our  
a r m s  around the  science requi red.  This  i s  f u l l y  i n  harmony w i t h  the  ADA 
c u l t u r e ,  and i n  f a c t  our group has some ADA-based research underway i n  t h i s  
area. 

The bad news, a t  l e a s t  so f a r ,  invo lves  the  Technical and Management 
In fo rma t ion  Systems (TMIS), a system planned t o  support  many facets  of Space 
S t a t i o n  development. 

TECHNICAL AND MANAGEMENT INFORMATION SYSTEM 

Whi le t h e r e  are  major d i f f e rences  between TMIS  and S S I S ,  t he  T M I S  o b j e c t  
s p e c i f i c a t i o n  would r i g h t l y  be placed before n e a r l y  a l l  S S I S  Engineer ing tasks 
(Engineer ing i n  the  ADA sense). 
Future phases w i l l  be competed s h o r t l y .  What makes the  T M I S  problem so d i f -  
f i c u l t ,  and so i n t e r e s t i n g  i s  the  manner i n  which i t  must evolve.  Each user  
group w i l l  cont inue t o  work w i t h  h i s  e x i s t i n g  a n d T a n n e d  environments, 
c o n s t a n t l y  adding t o  the  data,  in fo rmat ion ,  and knowledge pools. 

So t h e  problem, the  chal lenge o f  T M I S  i s  t o  develop a conceptual un iverse  
which s a t i s f i e s  today 'c  T M I S  needs wh i l e  b u i l d i n g  the  ob jec t / rep resen ta t i on /  
meta-data schema, which f o r  simp1 i c i  t y  we w i  11 c a l l  an In teg ra ted  Conceptual 
Environment (ICE). This I C E  should be opt imized f o r  the  emerging ADA centered 
SSIS ,  which inc ludes  A I  in te r faces ,  knowledge representa t ion  subsets, and 
a n t i c i p a t i o n  of f u tu re  (30 year  hor izon)  technologies.  

TMIS  i s  now i n  a Phase I ad hoc con f igu ra t i on .  

ISSUES: GENERAL 

Basic i ssues i n v o l v e  ADA 1 anguage and env i  ronment concerns, very  1 arge 
database theory  and A I  requirements. 

l'rogramming Language i ssues i nc lude  a complete data and a b s t r a c t  data 
type  s p e c i f i c a t i o n ,  assoc ia t i ve  p o t e n t i a l  processing topology, as w e l l  as many 
inhe ren t  c h a r a c t e r i s t i c s ,  such as f a u l t  recovery,  f a u l t  to le rance and f a u l t  
avoidance. With respect  t o  issues i n  Programming Language (PL) design, a 
candidate representa t iona l  formal ism f o r  SSIS c h a r a c t e r i s t i c s  should i nc lude  
cons t ruc ts  t h a t  a l l o w  a user  t o  capture i n t u i t i c n s  about the  s t r u c t u r e  o f  t he  
domain(s) o f  a p p l i c a t i o n  - f o r  example, i n t u i t i o n s  about ( o r  c l u s t e r i n g  
operands f o r )  t h e  appropr ia te  conceptua l i za t ion  of the ob jec ts  , proper t i es ,  
and r e l a t i o n s  o f  t h e  domain. The mo t i va t i on  f o r  much o f  the  p r i o r  research on 
i nco rpo ra t i ng  a b s t r a c t  data t y p i n g  f a c i l i t i e s  such as  ANNA i n t c  the  ADA 
programming language has r e s u l t e d  f rom t h i s  i n c i d e n t a l  requirement. Indeed, 
i n  t h e  most general sense, i t  was t h i s  mo t i va t i on  t h a t  l e d  t o  the  development 
of h igh  l e v e l  programming languages, among them ADA, i n  the  f i r s t  p lace. 

But n e i t h e r  t h e  syntax no r  the  "general"  semantics o f  f i r s t  o rder  l a n -  
guages w i l l  recognize t h e  d i s t i n c t i o n  between two types of abs t rac ts ,  a 
f r e q u e n t l y  encountered phenomenon i n  an a n t i c i p a t e d  S S I S  environment. Things 
of bo th  types w i l l  s imply  be values o f  i n d i v i d u a l  var iab les ,  and arguments o f  
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pred ica tes  (and funct ion-symbols).  To some ex ten t ,  t h e  analogue of t h i s  
p a r t i c u l a r  semantic inadequacy i n  programming languages, which i s  meant t o  be 
handled by the  i n t r o d u c t i o n  o f  data types and t y p i n g  f a c i l i t i e s ,  can be 
t r e a t e d  w i t h i n  h ighe r  o rder  ca l cu lus  languages by i n t r o d u c i n g  s o r t a l  quan t i -  
f i c a t i o n  and by o the r  ted ious  methods. But t h i s  i s  unacceptable f o r  r e l a t i n g  
a p o t e n t i a l l y  l a r g e  abs t rac t  vocabulary i n  a KR context .  

Our proposed approach extends a p o t e n t i a l  semantic c a p a b i l i t y  of ADA i n t o  
a semantic n e t  opera tor  se t ,  i n  order  t o  a l l ow  c r e a t i o n  o f  a t e s t  bed f o r  T M I S  
development, us ing  c u r r e n t  environments. 

Concerning DB theory,  one o f  t he  most s t r i k i n g  fea tu res  o f  t he  c u r r e n t  
exp lo ra t i ons  i n  I C E S  i s  t he  at tempt t o  deploy concepts and techniques from the  
f i e l d  o f  Knowledge Representation, and e s p e c i a l l y  f rom work on semantic ne t -  
works, i n  combinat ion w i t h  r e l a t i o n a l  databases. However, one can see some- 
t h i n g  o f  a paradox i n  the  focus on c u r r e n t  network-type formalisms. The back- 
bones o f  most formal isms are  taxonomic h ie ra rch ies ,  sometimes general i z e d  t o  
deal w i t h  m u l t i p l e  inher i tance.  A governing design requirement of TMIS i s  t o  
capture semantic interdependencies (both i nc lus ions  and exc lus ions)  among the  
var ious  k inds  o f  t h ings  ( o r  "concepts")  w i t h  which they have d e a l t .  Eut the  
e q Z i c i t  embodiment o f  such interdependencies seems t o  be r u l e d  ou t  by the  
h i e r a r c h i c a l  r e l a t i o n a l  model. 

Given the  s t r u c t u r a l  l i m i t a t i o n s  o f  e x i s t i n g  I C E  work, i t  i s  hard t o  see 
how such no t ions  as type h ie ra rch ies ,  inher i tance,  and exc lus ion  can be i m -  
po r ted  w i t h i n  t h e  boundaries o f  the  r e l a t i o n a l  model. One proposed hand l ing  
of h i e r a r c h i e s  and inhe r i t ance  i s  p a r t  o f  a recons t ruc t i on  o f  database theory,  
from w i t h i n  t h e  theory  o f  f i r s t - o r d e r  l o g i c .  TMIS runs the  r i s k  o f  adopt ing 
t h i s  de fau l t  p o s i t i o n  w i t h o u t  l ook ing  a t  a h igher  s t r u c t u r a l  l e v e l .  

It seems more n a t u r a l  t o  t h i n k  about r e l a t i o n a l  databases ( e s p e c i a l l y  as  
conceived of o r i g i n a l l y )  as modeZs o f  k inds o f  f i r s t  and second order  theo- 
r i e s .  It i s  i n s t r u c t i o n a l  i n  the  present  contex t  t o  propose extending the  
r e l a t i o n a l  database concept i n  terms o f  l o c a l l y  f i n i t e  dimensional cy1 i n d r i c a l  
algebras. These would be algebras whose elements a re  se ts  o f  f i n i t e  sequences 
of o b j e c t s / a t t r i b u t e s ,  r a t h e r  than i n  terms o f  f i r s t  o r  second order  theo r ies .  
We a re  i n  f a c t  drawn more t o  t h e  a lgebra ic ,  morphological  and semantic than t o  
the  s y n t a c t i c ,  p roo f - theo re t i c ,  account o f  t h e  r e l a t i o n a l  model i n  t h i s  work. 
Of course, t he re  a re  i n t i m a t e  connections between the  morphological  cy1 i n d r i -  
c a l  ca l cu lus  and algebras which our  c u r r e n t  research e x p l o i t s ,  s p e c i f i c a l l y  
w i t h i n  t h e  unique TEIIS universe. 

ISSUES: NETS 

There has been a l ong  and con t inu ing  debate w i t h i n  the  A I  wor ld  on the  
r e l a t i v e  m e r i t s  and express ive power o f  representa t iona l  languages based on 
Logic  on one hand and semantic networks on the  o ther .  It i s  tpparent  t h a t  
semantic ne ts  have of ten been used as a no ta t i ona l  r a t h e r  than as  a repre-  
sen ta t i ona l  language. Logic, on the  o the r  hand, en joys a w e l l  accepted seman- 
t i c s ,  b u t  i t s  suppor t  as a knowledge representa t ion  scheme i s  l e f t  unc lear  as 
t o  which aspects o f  which Logic  i t  proposes t o  use. 

I n  cons ider ing  semantic networks, i t  should be noted t h a t  t he re  has been 
considerable m i g r a t i o n  o f  techniques f rom semantic networks t o  data models i n  
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t h e  VLD contex t .  N e t  researchers a re  j u s t  now t a l k i n g  about m u l t i p l e  i n h e r i t -  
ance, whereas KB researchers have been invo lved f o r  q u i t e  some t ime. One fea- 
t u r e  o f  semantic networks i n  a pu re l y  d i g i t a l  environment t h a t  needs t o  be 
considered by a data model i s  t he  genet ics  o f  c l u s t e r  forces,  over  a KB l i f e  
c y c l  e. 

A d ispass ionate observer may quest ion why semantic networks haven ' t  been 
used more d i r e c t l y  f o r  I C E  purposes. Semantic networks and semantic data 
models a re  i n  a sense equa l l y  powerful , b u t  they have been in tended i n  the  
pas t  f o r  a p p l i c a t i o n s  t h a t  have d i f f e r e n t  and more 1 i nea r  c h a r a c t e r i s t i c s .  
There i s  a t rend  i n  t h i s  research t o  deal w i t h  a p p l i c a t i o n s  t h a t  i n v o l v e  an 
ever i nc reas ing  number o f  types, and the  gap i n  intended a p p l i c a t i o n s  between 
data models and semantic networks seems t o  be narrowing. Espec ia l l y  i n t e r -  
e s t i n g  i n  t h i s  case are  embryonic s tud ies  f o r  photonic  machines which appear 
t o  be p r o v i d i n g  a lead i n  t h i s  science of semantic nets .  

TMIS w i l l  have t o  consider  many poss ib le  uses f o r  a database, on l y  some 
o f  which would be o f  re levance t o  the  I C E  concerns o f  S S I S .  The i r  approach i s  
expected t o  be t o  determine the  Zeast common dsnominator o f  a l l  these a p p l i -  
c a t i o n s  and then prov ide  implementation. A1 though requirements f o r  databases 
and VLDs have changed du r ing  the  l a s t  few years,  i t  i s  n o t  obvious t h a t  the  
l e a s t  comnon denominators f o r  frameworks t h a t  handle photonic  f o r m  , v i s u a l  
and speech data, t e x t  messages, e tc . ,  a re  semantic networks. 

The p r i n c i p a l s  of S i r i u s ,  however, represent  the  phi losophy o f  those who 
promote the  use o f  ne ts  w i thou t  the  r e s t r i c t i o n  o f  logic-bound no ta t i ons ,  and 
main ta ins  the  pre-eminence o f  t h i s  approach over the other, more const ra ined 
h i s t o r i c a l  approaches. 

KNOWLEDGE REPRESENTATION (KR) NETS AND LOGIC MATRICES 

The t h e o r e t i c a l  l i m i t s  of logic-based semantic nets  a re  most c l e a r l y  seen 
v i a  p r o p e r t i e s  of t o p o l o g i c a l l y  isoniorphic representat ions o f  t he  data s t r u c -  
t u re .  It i s  e a s i l y  shown t h a t  the  genera l ized map o f  each i s  a m a t r i x  ( f o r  
t h e  rule-based " t r u t h  t a b l e "  approach) o r  a h i e r a r c h i c a l  s t r u c t u r e  ( f o r  the  
l o g i c - d r i v e n  " l i s t  processing approach"). The h i e r a r c h i c a l  geometries a re  
o f t e n  morpho log ica l l y  c lassed f o r  queuing purposes and are o f t e n  r e l a t e d ,  v i a  
p a t t e r n  r e c o g n i t i o n  layers ,  as the  corners o f  an a l l  l o g i c a l  s p a c e - f i l l i n g  
r e g u l a r  three-dimensional  t e s s e l l a t i o n .  A commonly encountered exavple o f  
t h i s  method o f  ana lys i s  can be seen i n  t h e  o c t - t r e e  o r  quad- te rnary - l i ke  types 
o f  machine-level conceptual s t ruc tu res  now being i nves t i ga ted  by S i r i u s  and 
o t h e r  workers i n  i n t e g r a t e d  photonics.  By examining the  morphology o f  e x i s t -  
i n g  Lisp-based methods, i t  can l i k e w i s e  be demonstrated t h a t  a c e i l i n g  o f  com- 
p l e x i t y  r e s u l t s  f rom commonplace simple h i e r a r c h i c a l  ( read " l i s t ,  s tack,  o r  
s t r i n g "  process ing)  b u i l d i n g  techniques, as expressed i n  t h i s  convent ional  
language syntax. 

Consequently, some i n v e s t i g a t o r s  have app l i ed  ingenious techniques t o  
create,  access, and manipulate s t ruc tu res  o f  h igher  morphological  complexi ty.  
Typ ica l  o f  t he  approaches i s  t h a t  of L i p s k i  (1978) which advances the  a v a i l -  
ab le  geometry of t h e  data l a t t i c e s  by p l a c i n g  m a t r i x  nodes i n  an order ing  
which emulates the  h i e r a r c h i c a l  l a t t i c e  o f  normal use. This, i n  f a c t ,  pa ra l -  
l e l s  a s i m i l a r  synthes is  i n  generat ing grammars by Paz (1976). I n  t u r n ,  an 
assoc ia t i ve  t rans format iona l  th read ing  i s  a l lowed through the  l a t t i c e ,  us ing 
recu rs i ve  operators  which g i ve  t h e  combined s t r u c t u r e  g rea t  conceptual power. 
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But  t h e  t h e o r e t i c a l  l i m i t  on s t r i c t l y  h i e r a r c h i c a l  geometr ies remains low i n  
morpho log ica l  complex i ty  and i s  l i m i t e d  t o  those o f  3-D, o r thagona l ,  r e g u l a r  
t e s s e l l a t i o n .  

Nets o f  much g r e a t e r  complex i ty  have been used f o r  decades by s c i e n t i s t s  
and mathematic ians,  e s p e c i a l l y  those i n v o l v e d  i n  work f o r  t a r g e t  image sensor 
fus ion.  Recent ly ,  t h e  r e g u l a r ,  i n f i n i t e  s t r u c t u r e s  t h a t  a r e  genera tab le  by 
p e r i o d i c  r e c u r s i o n  have been c a t e g o r i z e d  by Goranson (1981) ,  Burt/Wachman 
(1974) ,  and L a l v a n i  (1986). The approach t o  e s t a b l i s h i n g  a b a s e l i n e  vocabu- 
l a r y  f o r  t h e  I C E  comparat ive o p t i m i z a t i o n  s t u d i e s  s e l e c t s  a s t r u c t u r e  f o r  t h e  
knowledge r e p r e s e n t a t i o n  l a t t i c e  based on t h e  d e s i r e d  p r o p e r t i e s  o f  t h e  t a s k  
and n a t u r e  of  t h e  d i v e r s i t y  of  t h e  source data and i n t e r n a l  t r a n s l a t i v e  types. 

T h i s  "Top Down" approach g i v e s  many advantages r e l e v a n t  t o  r e l a t e d  
connection b i a s e d  t h e o r i e s .  Major  advantages f o r  t h i s  proposed approach 
i n c l u d e  r e l a t e d  r e d u c t i o n  of  a meta-operator s e t  ( u s i n g  p r i m i t i v e  and r e -  
c u r s i v e  t r a n s f o r m s )  t o  a few mathematical  symmetry o p e r a t i o n s  t o  which we can 
a p p l y  severa l  o p t i m i z a t i o n  techniques. G r e a t l y  increased d e n s i t y  and o r g a n i -  
z a t i o n  o f  t h e  i n f o r m a t i o n  i n  t h e  a b s t r a c t e d  knowledge bases i s  achieved. Th is  
l a t t e r  advantage a l l o w s  a s u i t a b l e  l e v e l  of a b s t r a c t i o n  t o  be combined w i t h  
c l u s t e r i n g  o f  r e l a t e d  elements (which can be seen as  extended " f rames" ) ,  a 
d e s i r a b l e  e f f e c t  which addresses s u i t a b i l i t y  f o r  l o c a l  TMIS users.  Memory 
requi rements a r e  g r e a t l y  reduced i n  s i z e .  Elements which express c l t i s t e r  
c h a r a c t e r i s t i c s  a r e  t y p i c a l l y  q u i t e  l a r g e  i n  number when narrow i n  scope and 
a r e  w e l l  ordered f o r  l o g i c a l  c a l c u l u s  i n t e r f a c e .  The r e s u l t a n t  p a r t i t i o n s  a r e  
a t t r a c t i v e  f o r  concur ren t  and p a r a l l e l  process ing a l g o r i t h m s  on a l e v e l  low 
enough t o  i n c l u d e  techno log ies  p r o j e c t e d  f o r  S S I S  use. 

IMPLICATIONS FOR THE PRESENT PROBLEM 

The requi rement  i s  f o r  an approach which: 

a. 

b .  

C. 

d. 

Vi11 p r o v i d e  a b a s i s  f o r  s y n t h e t i c  s t u d i e s  of a p p l i c a b l e  techno lo-  
g i e s  and methods across a wide spectrum, i n  s h o r t :  a d e s c r i p t i v e  
I C E  nomencl a t u  re .  

By v i r t u e  of p r o v i d i n g  a h i g h  l e v e l  s c i e n t i f i c  d e s c r i p t i o n  o f  t h e  
laws a t  work, w i l l  p r o v i d e  a u n i f i e d  means f o r  i n t e g r a t i n g  t h i s  
d i v e r s i t y .  

A l l o w  an approach t o  o p t i m i z i n g  I C E  s p e c i f i c a t i o n ,  des ign and 
h o s t i n g ,  p r o v i d e  f o r  f u t u r e  genera t ion  computing requi rements i n  
terms o f  process ing,  l a r g e  i n f o r m a t i o n  sources, and r e c o n f i g u r a -  
b i l  i t y .  

D i r e c t  s p e c i f i c a t i o n  f o r  h o s t i n g  and t e s t i n g  o f  these issues.  

GENERAL TOOLS 

S i r i u s  works w i t h  a s e t  of morphologica l  express ive  laws which descr ibe  
a l l  p o s s i b l e  g l o b a l  model schema. T h i s  morphology i s  c u r r e n t l y  embedded i n  a 
s e t  of programs developed over  t i m e  and c u r r e n t l y  used f o r  i n t e r n a l  research 
and i s  s t r i c t l y  w i t h i n  t h e  ADA phi losophy.  
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A specif ic  tool c i t ed ,  ALICE, described here as central t o  the approach 
i s  a method of machine hosting ICE morphological operators i n  ADA. This 
allows any h i g h  level semantic net t o  be quickly defined and tessel la ted among 
a t t r ibu ted  space. While the geometries involved originate i n  Euclidean 
l a t t i c e s ,  res t r ic t ions  on three dimensional analogues disappear so the number 
of dimensions addressed i s  limited only by practical considerations of the 
s ize  of the symmetry tensor used. Because TMIS requires operations t h a t  do 
n o t  exclude d i rec t  microcoding i n  embedded systems, the number of dimensions 
is  pract ical ly  limited to  16 based on anticipated hardware, assuming t h a t  the 
l a t t i c e  chosen has less  t h a n  3 symnetry character is t ics .  (Some work has been 
done by Sir ius  using l inear  i n f in i t e  polyhedral geometries, hosted on f ine-  
grained arrays,  b u t  the hardware required i s  specialized, and beyond the scope 
of this TMIS work.) 

Major VLD and DB investigative interface tools are DAVID (from Goddard) 
and  TIPS (from DoD). For determining the l a t t i c e  geometries, the work of 
Lalvani and B u r t  forms the basis for long term studies by Sirius, and  are  
employed here, following the symmetry operators proposed by Schoen (1970) and 
Wells (1977). The basic research of Brisson is  the source f o r  the m u l t i -  
dimensional holomorphic l inearizations required, as well as a source of 
understanding higher dimensional clustering e f fec ts  when mapped to  lower level 
matrices, which i n  turn follows a suggestion of Williams (1969).  

Key to  the approach i s  the intersymmetry minimal surface operator, an 
approach devised by Burt fo r  the generic translation of intersymnetry groups.  
A complementary approach ut i1  i z ing  added dimensions of symmetry variables i s  
used t o  annotate the en t i t y  a t t r ibutes/relat ionship a t t r i bu te  from Lalvani. 

The minimal surface operator methods themselves follow closely the trends 
established by Jenkins (1966), a f t e r  Blatter (1971) and  Voss. The actual 
t race  algorithms were suggested and bounded by Rahimi (1972) and Barber 
(1970). The reflexive nature of tha t  algorithm which re f lec ts  the Lalvani  
transpolyhedra loosely follows the technique appl ied by Yoshizawa (1982) t o  a 
s imilar  problem i n  dynamics. Provisions f o r  f ractal  doubt, not discussed 
here, come s t ra ight  "out of the book" from McClure, as well as a few other 
specialists, n o t  currently i n  the f ree  world. 

Lacking full  -time access to  supercomputer faci  1 i t i e s ,  the present capa- 
b i l i t y  f o r  V L D  simulation and storage of multidimensional matrices t h a t  Sir ius  
possesses i s  inadequate. A sat isfactory,  and expedient cost  effect ive solu- 
t ion t o  this inadequacy has been found i n  the N-Dimensional Data Base System. 
This software exploi ts  a special case of the symnetry storage case, namely the 
Generalized Balanced Ternary. I t  has been determined t h a t  the res t r ic t ions  
imposed on V L D  research are  f a r  outweighed by the ava i lab i l i ty  of this tool 
for the early phases of the e f for t .  Rehosting overlays t o  TKIS host systems 
should be s t ra ight  forward. 

OVERVIEW OF ALICE 

Sirius has been working this problem for  some time. As described, a 
high-level conceptual language i s  required, for  this type of e f fo r t  reflecting 
the ponderous capabi l i t ies  implicit i n  the problem. The r e su l t  of Sirius' 
work i s  A L I C E  (ADA/Lattice Integrated Conceptual Environment). ALICE i s  coded 
i n  ADA, of course, and uses as operators, translation sets which are created 
by the abstraction tools described. 
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An o u t l i n e  o f  t h e  f e a t u r e s  o f  ALICE: 

a. The r e l a t i o n a l  f u n c t i o n  s e t  i s  extended i n t o  a p r i m i t i v e  o p e r a t o r  
language. Th is  language has a base l o g i c  o f  some o r d e r  and has a 
mapping t o  t h e  network l a t t i c e  t ransforms.  

b. These t rans forms have t o p o l o g i c a l  equiva lences,  a un ique and i n t e r -  
e s t i n g  f e a t u r e  which a l l o w s  t h e  r u l e s  f o r  o p e r a t i o n  among t h e  f a b r i c  
t o  be ambiguous when mapping ''up'' , b u t  p r e c i  se when mapping "down" , 
o r  o u t  o f  a b s t r a c t e d  spaces. 

c. The t o p o l o g i c a l  equiva lence a l s o  a l l o w s  r e s o l u t i o n  i n t o  a few s imp le  
o p e r a t i o n s  (which i n c l u d e  photon ic  o p e r a t o r s )  which can be m a t r i x e d  
and so lved by a r i t h m e t i c  a r r a y  processors.  T h i s  ho lds  promise f o r  
h i g h  speed, concur ren t  A I  p rocess ing  u s i n g  VHSIC; Reduced Envi ron-  
ment Math processor  a r rays .  

Having e s t a b l i s h e d  a meta-language w i t h  a corresponding meta-net,  and 
formal methodology t h e  I C E  researcher  i s  faced w i t h  severa l  e x c i t i n g  p o s s i -  
b i l i t i e s .  Knowledge o f  any k i n d  can be "fused" by s imp le  procedures if t h e  
source c a l c u l u s  i s  descended f r o m  t h e  u n i v e r s a l  s t r u c t u r e  employed. 

For  example, image data,  g r a p h i c  model ing in fo rmat ion ,  e n g i n e e r i n g  data 
(which may n o t  n e c e s s a r i l y  be geometry dependent) and performance i n f o r m a t i o n  
can be a l l  imposed on t h e  same ICE. As r e l a t i o n s h i p s  a r e  e s t a b l i s h e d ,  t h e  
d i v e r s e  i n f o r m a t i o n  b e c o m e s f u s e d  , and i s  a c t u a l l y  aggregated by v i r t u a l  
p r o x i m i t y ;  V i r t w z Z  Proximity i s  d e f i n e d  as r e l a t i o n  by a c r i t i c a l  s e t  o f  
a l g e b r a i c  o p e r a t o r s  def ined by t h e  s l i d i n g  t h r e s h o l d  f a c t o r s  o f  t h e  p e r i o d i c  
l a t t i c e  m a t r i x .  
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